High-precision crystal structure parameters have been determined from Rietveld refinement of high-resolution neutron powder diffraction data in Nd 3 (Fe, Ti) 29 and Nd 3 (Fe, Ti) 29 N x intermetallics. The construction of the corresponding Wigner-Seitz (WS) polyhedra has revealed that some 12-fold (group-A) environments and the 14-fold (group-D, dumbbell) environments remain intact upon nitrogen uptake whereas some other 12-fold ( 
Introduction
Among the recently discovered hard-magnetic Fe-rich compounds, with intrinsic properties that are relevant for applications in rare-earth (R)-3d-transition-metal (Fe, Co) permanent magnets (RTPMs), are [1] ternary alloys with the ThMn 12 -type structure (1:12) and interstitially modified [2, 3] R 2 Fe 17 X (2:17) and R 3 (Fe, TM) 29 X (3:29) compounds [4] (TM = transition metal, X = N, C, H). The introduction of N, or H, or C in the aforementioned intermetallics [1, 2, 4] by applying the gas-solid reaction has been proved a major advancement in this direction. These interstitially modified compounds alter substantially the anisotropy field (H A ), the ordering temperature (T c ) and the saturation magnetization (M s ) of the parent intermetallics by expanding their unit-cell volume to accommodate the absorbed elements without changing their crystal structure. Depending on the site occupancy, size and bonding of the interstitial element with its nearest neighbours (nns) a reduction or enhancement of each one of the three parameters can be obtained. However, simple models such as those based purely on the coordination number or on the average bond distance [5] are inadequate to provide theoretical guidance in the search for better RTPMs.
From the physical point of view, the influence of these interstitial elements on H A and T c can be explained in terms of crystal electric field (CEF) and molecular field approximations [6] at the R site for H A and from the spin-fluctuation theory [6, 7] for the T c . However, an estimation of M s in RFe-rich intermetallics requires very accurate, first-principles, band structure calculations with sufficient predictive power to derive the local moments on each different Fe site. Furthermore, it is not always possible to compare the calculated moments with experimental values because a direct measurement of the magnitude of an Fe site magnetic moment µ i Fe is not always feasible for this complex class of magnets. Thus, although neutron diffraction and 57 Fe Mössbauer spectra can provide experimental samplings of moment values [9] when there are many inequivalent Fe sites, these techniques cannot always provide a suitable measure of individual site moments. So far, comparisons between experimental and calculated Fe moments, derived from ab initio band structure calculations, have shown [10] that site volumes appear to be important to the magnitude of a site magnetic moment.
The 3:29 phase offers a good case to study the dependence of local Fe moments on their environments within a single compound because it has a low crystal symmetry [11] that contains 11 distinct Fe sites of different local environments. This study investigates the topologies and the volumes of the Wigner-Seitz (WS) cells of individual Fe sites in Nd 3 (Fe, Ti) 29 and Nd 3 (Fe, Ti) 29 N x intermetallics, taking advantage of the topological stability that is characteristic of the WS cell assignments in Frank-Kasper phases [12] . Earlier, Watson et al [13, 14] treated RTPMs as Frank-Kasper-like structures [12] with the TM atoms in 12-, 13-and 14-fold coordinated sites, and the R atoms typically in much larger 20-fold sites. The R sites are connected to each other and to the larger 3d sites by sixfold, −72
• disclination lines, a disclination being a rotational defect [15] . The orientations of the R-site crystal fields in RTPMs appear to be associated with the sixfold −72
• disclination lines of which a number pass through a site, defining major disclination lines when they involve some R-R nn pairs [13, 14] . Watson and Weinert [13] have used Frank-Kasper-like structures to understand the effect of site environments on the magnitude of individual Fe moments and on anisotropy axes in 1:5, 1:12 and 2:17 RTPM compounds, whereas Grandjean and Long [8] have used extensively a WS cell volume analysis for the assignment of 57 Fe Mössbauer spectral components to site environments in R 2 Fe 17 and R 2 Fe 17 N 3 compounds. Our aim is to extend their analysis in the Nd 3 (Fe, Ti) 29 and Nd 3 (Fe, Ti) 29 N x types of structure and to investigate the correlations between individual Fe moments and six-edged facets (or disclination lines) in their WS cells.
Experimental details
The samples were prepared by arc-melting elemental constituents of high purity (99.9%) with the starting composition Nd 3 Fe 27.5 Ti 1. 5 , subsequently followed by annealing in vacuum at 1373 K for three days, wrapped in Ta foil and sealed in quartz tubes, and then quenching in water. The annealed samples were pulverized (grain sizes less than 37 µm) and the nitrides prepared with a gas-solid reaction, using high purity nitrogen gas at 4 atm for 12 h at 673 K. Dc magnetic measurements reveal a Curie temperature T c = 430(3) K for the Nd 3 Fe 27.5 Ti 1. 5 compound and a T c = 710(3) K for the Nd 3 Fe 27.5 Ti 1.5 N x nitride. Thus, the used temperaturepressure conditions correspond to a nitrogen concentration [16] x ≈ 4. X-ray diffraction (XRD) spectra were collected at ambient conditions with a Siemens D500 diffractometer, using θ -2θ scans with Cu Kα 1 radiation. Neutron powder diffraction (NPD) measurements were performed at 295 K in the high-resolution powder diffractometer (HRPD) at the neutron spallation source ISIS, Rutherford Appleton Laboratory, United Kingdom. NPD spectra were collected from the backscattering data bank at 2θ = 168.33
• and the data were normalized and corrected for absorption. In each sample care was taken to account for the magnetic scattering from the Nd and Fe sublattices. To compare the parent and nitride structures we have chosen to collect the NPD spectra at room temperature because heating the samples to above their T c values (to eliminate the magnetic scattering) could prove to be disadvantageous due to probable decomposition of the metastable 3:29 phase and, especially, of its nitride.
Rietveld refinement

Crystal structure refinement
As shown in [11] , and confirmed in [17] , the most accurate description of the 3:29 structure could be made by using the A2/m space group instead of the [18, 19] P2 1 /c. The initial assignment of the A2/m space group was based, first, on extinction rules that are consistent with this choice, and second, on unacceptably high correlation coefficients when the P2 1 /c space group was used in the least-squares refinement of the structure [11] . However, in a recent study [20] it has been argued that only theoretical calculations can distinguish the tiny differences between the A2/m and P2 1 /c space groups in the 3:29 structure. In this study, the refinement of the HRPD data shows unambiguously that the P2 1 /c space group does not provide the most accurate description of the structure because there are both high correlation coefficients between the symmetry related positional parameters and higher standard deviations for these parameters, which are two or three times larger than the corresponding parameters of symmetry independent atoms. Such features are common indications for a wrong assignment of a space group [21] . The high resolution of our NPD spectra shows definitely that all these problems are eliminated when the A2/m space group is used.
The monoclinic A2/m (No 12,cell choice 2) space group [11] has been applied as a starting model for the 3:29 structure. Figures 1 and 2 show the observed, calculated and difference NPD patterns for the Nd 3 (Fe, Ti) 29 and the nitride compounds respectively. The vertical bars indicate the positions of the nuclear Bragg peaks for the three phases used. 29 contains the parameters for its nitride. In addition, there are two different notations for the Fe sites [11, 17] which are shown in the first column of table 1 (a single asterisk shows the labelling from [11] and a double asterisk shows the corresponding labels from [17] ). To facilitate the comparison between the crystallographic data we adopt in this study the notation that is used in [17] . Since the examined high-resolution ( d/d ≈ 10 −3 ) region of the time of flight NPD spectra includes d-spacings between 0.6 and 2.3 Å, the contribution of magnetic intensity is negligibly small only for short d-spacing data due to the very rapid fall-off in the magnetic form factor. In HRPD, the magnetic scattering contributions for d-spacings less than 1.9 Å were found [22] to be entirely negligible in comparison with the nuclear scattering. Thus, the Rietveld refinement of the NPD data was performed with the Fullprof program [23] in two stages because a full-profile refinement structural analysis is further complicated by the presence of magnetic scattering for d-spacings between 1.9 and 2.3 Å. The observed, calculated and difference time-of-flight NPD patterns of Nd 3 Fe 27.78(5) Ti 1.22(5) N 3.80 (6) . Vertical bars indicate the position of nuclear Bragg peaks for the Nd 3 (Fe, Ti) 29 type of structure, for α-Fe and for the Nd(Fe, Ti) 12 phase.
In the first stage, the structural refinement was performed only for the nuclear scattering [22] of the NPD spectrum, including d-spacings between 0.6 and 1.9 Å. Figures 1  and 2 show the structural refinements of the HRPD spectra and table 1 lists the best-fit structural parameters. The high resolution of the NPD data allows a quantitative estimation of the secondary phases, that coexist with the metastable 3:29 phase, together with the refinement of the structural parameters. Thus, a significant reduction of the reliability factors (R B and R w ) is achieved when a minor 1:12 phase (space group I 4/mmm) is used in addition to the (6) , which is consistent with the obtained relative unit cell volume expansion of 5.35%. In addition, a nitrogen concentration of 3.80(6) atoms/fu is close to the theoretically expected value of four for maximum nitrogen uptake. (6) . These results are, generally, in agreement with those obtained [17, 24] in Nd 3 (Fe, Ti) 29 compounds where a 40% reduction of Ti was reported [24] upon nitrogen uptake as well. In comparison, 1:12 compounds with V or Ti stabilizing elements follow a similar trend [25] because this phase decomposes to a certain degree during the nitrogenation process into α-Fe and an amorphous phase. Thus, such effects can explain the obtained change (≈13%) of the Ti content upon nitrogen uptake in the 3:29 structure. Figure 3 shows the observed, calculated and difference XRD profiles that were calculated using the structural parameters from table 1. The obtained reliability factors for the parent (nitride) XRD spectra are R p = 4.66% (4.81%), R wp = 6.75% (5.92%) and R exp = 3.12% (2.77%). The R B factor for the parent (nitride) 3:29 phase is 5.39% (5.02%). Remarkably, figures 1-3 show that exactly the same structural parameters (from table 1) fit very well both the observed XRD and NPD spectra. The excellent agreement between the observed and calculated XRD spectra with the structural parameters of table 1 indicates that the contribution of magnetic scattering is very small in the data range used for the NPD refinement, and thus it does not influence the structural parameters. It is worth noting that, generally, neutron HRPD data can provide more accurate (high-precision) crystal structure parameters than XRD data because the nuclear scattering factor b o is isotropic (does not depend on sin θ/λ). Thus nuclear scattering decreases only because of the temperature effect and Bragg reflections can be collected at very short d-spacings, giving atomic positions and thermal parameters with accuracy higher than from x-rays. In addition, the neutron scattering lengths vary non-monotonically with the atomic number Z and thus it is possible to localize the positions between atoms having very close values of Z (in our case, between Fe and Ti atoms). These two properties are indicative of the necessity of neutron HRPD measurements in our case, whereas the excellent fit of the XRD profiles with the derived parameters from NPD data shows the credibility of the crystal structure analysis.
Magnetic refinement
In the second stage, the crystal structure parameters from table 1 were used as starting parameters for the refinement of the entire NPD spectrum (d-spacings between 0.6 and 2.3 Å) including both nuclear and magnetic intensities. Since the HRPD data contain magnetic scattering contributions that arise from the decaying part of the magnetic form factors ( f Nd 3+ and metallic f Fe ) and the strongest magnetic reflections (for d-spacings greater than 2.3 Å) could not be recorded in this type of experiment, this second stage of refinement examines mainly the effect of magnetic contributions on the structural parameters determined in the first stage (table 1) . Because of the large number of Fe sites (monoclinic symmetry) and the missing peaks for d-spacings greater than 2.3 Å, the magnetic scattering was modelled assuming all the moments were collinear. In addition, the Fe moments were constrained to be equal in magnitude, as were the Nd moments, and the two sublattice moments were allowed to refine indepedently. At this stage, all the structural parameters were allowed to refine, without any constraint, together with the magnetic moments of Fe and Nd atoms. A summary of the calculated magnetic scattering profiles is given in figure 4 , where the observed and calculated profiles are given in the region between 1.9 and 2.3 Å for clarity. Four cases were studied thoroughly and the results are the following.
(i) The direction of magnetic moments parallel to the a-axis of the crystal structure, as suggested in [24] . The derived magnitudes of magnetic moments for the parent compound are µ Fe = 1.9(1) µ B and µ Nd = 3.3 (2) Figure 4 shows the calculated profiles, and the difference pattern (bottom curve) between the observed and total calculated profiles is given only for this case. as suggested in [26, 27] . The derived magnitudes of magnetic moments for the parent compound are µ Fe = 1.8(1) µ B and µ Nd = 3.3(2) µ B and the reliability factors are Note that the highest mismatch appears between the calculated and experimental profiles of the nitride (figures 2 and 4) in stage-one and stage-two refinements. As seen in figure 4, these differences cannot be explained from the contribution of magnetic scattering. Thus, it can be argued that anisotropic peak broadening, due to size and/or strain effects, is responsible for these differences.
The main result of this stage-two refinement is that the derived structural parameters do not deviate from the values given in table 1 (deviations are within the error shown at the last digit) for these four magnetic configurations. This shows clearly that, for the specific data range of the HRPD instrument, the magnetic scattering does not affect the structural parameters derived from stage-one refinement. A comparison of magnetic moments and reliability factors shows that the third case (parallel to the b-axis) is most unlikely to occur because the derived µ Fe values are very small and the R M is the highest among the R-factors of the three other cases. This indicates that the major component of the average magnetic vector is lying in a plane perpendicular to b-axis before and after nitrogen uptake. Note that, although we have scanned all the space by constraining the direction of magnetic moments within the (010) plane (vertical to the b-axis) of the crystal structure, the results are inconclusive for a specific moment direction within the (010) plane because the obtained R M values are slightly different from each other, as in cases (i) and (ii) above. In addition, figure 4 shows that the mismatch of intensities in the difference pattern is comparable with the calculated magnetic intensities for the four cases examined. These results show that the experimental data, collected from the HRPD instrument, are not adequate to solve the magnetic structure of 3:29. However, the solution of the magnetic structure is beyond the scope of the present study and more suitable neutron scattering experiments, such as spin-polarized spectra, are required for this purpose.
Radical construct of Wigner-Seitz cells
A procedure known as the radical construct of WS cells is used [13, 14] to determine the local environment of the Fe sites. The program [28] DIDO95 was used for the construction of volume filling cells. The scheme involves assigning spheres, with radii reflecting assigned sizes, to the different atoms. Specifically, atomic radii of 1.26, 1.82, 1.47 and 0.92 Å were assigned for Fe, Nd, Ti and N atoms respectively. An average radius has been assigned for statistically occupied sites by Fe and Ti atoms. These values are 1.294, 1.323 and 1.310 Å for the Fe 3 , Fe 6 and Fe 7 sites in Nd 3 (Fe, Ti) 29 and 1.298, 1.315 and 1.296 Å for the corresponding sites in the nitride (see table 1 ). The calculated WS cell volumes of the parent and the nitride 3:29 compounds are listed in the fifth column of table 2. It will be instructive for the following to provide a brief description of some Frank-Kasper environments. Frank-Kasper-like structures are stable in the number and arrangement of facets over chemically reasonable ranges of choices of radii. Usually, the 3d atoms are in FrankKasper WS cells which are predominantly made up of five-edged facets, with some cells having a few six-edged facets [13] . The notation (a, b, c, . . .) indicates a cell having a three-edged, b four-edged, c five-edged, . . . facets. The number of edges on a facet indicates how many nns are common to the nn pair responsible for the facet. Frank-Kasper Fe environments involve 12-, 14-, 15-and 16-fold [13] numbers of atomic nns. The 12-and 14-fold environments involve 12 nns which share five common nns along the bond line to the central atom, contributing 12 five-edged facets to the WS cells. The 14-fold environments involve, in addition, two nns which share six common nns with the centre atoms, thus contributing two six-edged facets to the WS cells [29] . Nelson [15] called −72
• disclinations the sixfold bond lines. Thus, the building blocks involve zero, two, three or four sixfold bond lines or −72
• disclinations. To be more explicit, the (0, 0, 12, 2) has two bond lines lying approximately in a straight line; the (0, 0, 12, 3) has the three bond lines 120
• away from each other in a plane and the (0, 0, 12, 4) has them arranged tetrahedrally, whereas a (0, 0, 12, 1) WS cell is topologically impossible.
Using structural parameters from the Rietveld refinement (table 1) all the related parameters with WS polyhedra were calculated for every site in Nd 3 (Fe, Ti) 29 polyhedra (a, b, c, d) Thus, using only the criterion of WS cell polyhedra, we can conclude that the 14-fold Fe 1 (6c-site) environment in the 2:17R structure has the same environment as the three 14-fold Fe 3 (4g), Fe 6 (4i) and F 7 (4i) sites (table 2) in the 3:29 structure. The 12-fold Fe 2 environment (9d site) in the 2:17R structure, that does not transform upon nitrogen uptake, shares the same topological stability with the three 12-fold Fe 1 (2c), Fe 2 (4e) and F 11 (8j) sites (table 2) in the 3:29 structure. Finally, the 13-and 12-fold environments of 18f and 18h sites in the 2:17R structure respectively are expected to be the same as the environments of the five Fe 4 (4i), Fe 8 (8j), F 9 (8j), F 5 (4i) and F 10 (8j) sites (table 2) in the 3:29 structure, that transform accordingly upon nitrogen uptake. However, these five Fe sites have different numbers of TM nns (table 2) and therefore should exhibit different µ environments, according to their WS cell polyhedra. The necessity of this grouping in the 3:29 structure emerged much earlier, during the analysis of one of the first 57 Fe Mössbauer spectra [33] . According to our WS cell treatment this grouping of the 11 iron sites in 3:29 compounds provides a deeper understanding of the site symmetries that is used in the next section to predict their intrinsic magnetic properties. The special features of each group are summarized below. Figure 7 shows that it can be constructed if one takes an (0, 0, 12, 0) environment and brings an extra atom in between several of the existing neighbours such that a pair of corners connected by a common edge of the WS cell is cut out and replaced by a new four-edged facet. In the (0, 1, 10, 2) cell, the single fourfold facet has the two sixfold facets as neighbours on opposite edges (figure 5). These short-ranged fourfold +72
• disclination lines that begin and end at these types of site are called minor disclinations. Usually these sites are considered with ten TM and two R nns, forming (0, 0, 12, 0) polyhedra, as in the 1:12 8f site ( figure 5(a) ). Figure 8 shows the arrangement of nns around the group-B sites, the 18f site in 2:17R and the 1:12 8j site that shares a similar (0, 0, 12, 0) environment [34] with group-B sites as well. This figure shows that Fe 4 has ten TM nns whereas the 11th TM nn, Fe 5 , resides further away, at a distance of 3.896(8) Å from the central atom, without modifying the WS polyhedron ( figure 5(a) ). The other two sites, Fe 8 and Fe 9 , have the symmetrically equivalent atoms Fe 8 and Fe 9 (figure 6) at a distance of 3.584(5) and 3.709(3) Å respectively. These atoms can be viewed as the 11th TM nns since at these distances the WS cell becomes a (0, 1, 10, 2) polyhedron ( figure 5(a) ). The same environment is observed in the case of the 18f site in 2:17R and the 8f site in 1:12 structures. Upon nitrogen uptake one nitrogen occupies a site in between the distance of Fe 4 -Fe 5 , Fe 8 -Fe 8 and Fe 9 -Fe 9 , creating a fourfold facet with much larger area, thus transforming the three sites into 13-fold environments with (0, 1, 10, 2) polyhedra ( figure 5(c) ), as the 18f site [35] (see  table 3 ), this 13-fold cell was overlooked for the discussion of their magnetic properties in past studies [9] . However, as is clearly seen in figure 5 for the case of nitrogen uptake, such a (0, 0, 12, 0) → (0, 1, 10, 2) transformation in Fe cells is expected to affect the magnitude of the site magnetic moment because it changes the shape of the Brillouin zone as well. 1, 10, 2) , as the 18h site does [35] in the 2:17R structure. Figure 9 shows the atomic arrangement of nns around the group-C sites, and the 18h site in the 2:17R structure. The special feature of group-C and 2:17R 18h sites is that all exhibit three Nd ions as nns. Such an environment does not exist in the ThMn 12 type of structure.
Group D includes Fe 3 -4i [Fe(6)], Fe 6 -4i [Fe(3)] and Fe 7 -4g [Fe(2)] atoms, corresponding to the 6c site (dumbbell site). These 14-fold sites (figure 8) form typical 14-fold Frank-Kasper polyhedra, and thus are involved in −72
• disclinations along the R-(TM-TM) bond lines with two sixfold facets in opposite directions (vertical to the R-TM-TM bond line). They have 13 TM nns, one Nd nn, exhibit the largest moments [30, 33] [17] . In comparison, 34% of Ti atoms occupy [30] the dumbbell 6c site in Nd 2 Fe 16 Ti, indicating a close connection between the 14-fold WS cell and the preferential substitution of the stabilizing element in these structures. Comparison of WS cell volumes (tables 2 and 3) shows similar values as well, which are the largest among the others. In addition, their 14-fold environments (0, 0, 12, 2) remain intact upon nitrogen uptake (tables 2 and 3), indicating a relative isolation from nitrogen sites. Figure 10 shows the atomic arrangement of nns around the group-D sites, the dumbbell 6c site in 2:17R and the 1:12 8i site. This figure reveals that the 1:12 8i site shares a similar (0, 0, 12, 2) environment [34] and is preferentially occupied by the stabilizing element [36] Ti in the same way as the corresponding 3:29 sites. Major disclination lines are defined along the Nd 1 -Fe 3 -Fe 3 , Nd 2 -Fe 6 -Fe 7 and Nd 1 -Fe 7 -Fe 6 directions which correspond [26] This trend holds and for the corresponding 1:12 sites as long as the stabilizing element (Ti in our case) occupies preferentially only the 8i site (which is similar to group-D environment). However, a reversal occurs in the order of the WSV(A) and WSV(B) sizes upon nitrogen uptake. Specifically, the sequence of WSVs becomes (tables 2 and 3) WSV(B) < WSV(A) < WSV(C) < WSV(D) in 3:29, WSV(18f) < WSV(9d) < WSV(18h) < WSV(6c) in 2:17R and WSV(8j) < WSV(8f) < WSV(8i) in 1:12 nitrides [36] . This shrinkage of the 3:29 WSV(B), 2:17R WSV(18f) and WSV(8j) is clearly due to the 13th nitrogen nn in these sites whereas the sites of group-A, 2:17R 9d and 1:12 8f do not have nitrogen nns to truncate their WS polyhedra. It is worth noting that although group-C and 2:17R 18h environments transform into (0, 1, 10, 2) polyhedra upon nitrogen uptake the All the results in this section reveal a global character of WS volume relations in RFerich structures that emerge from the parent 1:5 (CaCu 5 type of structure) phase [26] . Such volume relations indicate that an interplay of volume and d-band fillings is essential for the formation of identical (Frank-Kasper-like) environments. Since magnetism in Fe-rich compounds is determined mainly by the dependence of the electronic levels on local structure (spin-fluctuation theory [37] ), rather than the Bloch nature of the wavefunctions, there are four important aspects of short-range order for 3d magnetism. These are the coordination number Z TM , type, distance and symmetry of the nns about a given TM site. The contents of this section show that all the information about these four aspects is hidden in the WS cell polyhedron for a given type of nn. In the next section we will try to unveil the hidden information from the calculated WS cell polyhedra in order to relate it to both the magnitude and the anisotropy of site magnetic moments in the examined category of RFe-rich compounds.
Disclination nets and basic magnetism
In this section the long-standing problem that concerns relationships between local environments and the relative strength of the different magnetic moments on the different Fe sites [38] is revisited. Our motivation is based (ii) on the realization that both the occurrence of disclination lines and the relatively larger WS cell volumes in 14-fold environments lead to larger µ i Fe values [13, 38] . In accordance, the above-described results show that the large-volume, large-moment sites in Nd 3 (Fe, Ti) 29 [14] , the existence of six TM nns in one direction instead of five leads to a location of these nns at larger interatomic distances from the central atom, thus increasing the WS volume of this site. Thus, usually, the largest moments are associated with the sixfold facets in the 14-fold environment. Figure 10 shows that the 3:29 structure accommodates three such environments whereas for the 2:17R and 1:12 structures there is only one 14-fold environment in each one. The estimated dumbbell (TM-TM) distances are the shortest (about 2.45 Å) in group D, with bonds crossing a sixfold facet along either direction, having six TM nns that lie further out radially from the bond line. Remarkably, all the statistically occupied (Fe, Ti) sites reside between the dumbbell (Fe 3 -Fe 3 ), -(Fe 6 -Fe 7 ) pairs whereas the sites between the Nd-Fe 3 , NdFe 6 , Nd-Fe 7 bonds are occupied only by Fe atoms. This configuration increases the chirality (clusters are said to be chiral when they are not superimposable on their mirror images) along the Nd-(TM-TM) disclinations, resembling the configuration of the corresponding 8i 1:12 site while it is different from that in the 6c 2:17R site. Since different (Fe, Ti) occupancies cause variations in the strength of exchange coupling among the three group-D environments, it is expected that the smaller number of statistically occupied (grey) (Fe 6 , Ti) and (Fe 7 , Ti) sites (which are three relative to five around the Fe 3 environment) around the Fe 6 and Fe 7 environments (figure 8) should give the highest moments at Fe 7 and Fe 6 sites. This conclusion is in accordance with hyperfine fields (B hf ) obtained [30] 17 X (X = C or N) have shown that the dumbbell (TM-TM) distances remain almost the same in the nitride and the host Sm 2 Fe 17 structure whereas there is a substantial increase of T c (=388 → 750 K) upon N uptake. In accordance, the estimated dumbbell (Fe 3 -Fe 3 ),-(Fe 6 -Fe 7 ) interatomic distances (figure 8) are between 2.44 and 2.5 Å, are the shortest in group D, are comparable with bond lengths in the fivefold facets of groups A, B and C and do not change much in the nitride. In view of these results, the role of interstitially substituting elements around the dumbbell sites should be re-considered.
Figures 8 and 9 indicate that N atoms occupy coplanar sites around the Nd site without changing the (TM-TM) distances around the dumbbell sites (figure 10). It becomes more evident from the areas of the hexagonal facets in the dumbbell sites (about 3.1 Å 2 ) which remain the same before and after nitrogen uptake. In addition, the 20-fold Nd environments (0, 0, 12, 8) transform to non-Frank-Kasper cells upon nitrogen uptake in Nd 3 (Fe, Ti) 29 , forming a larger number of six-edged and four-edged facets. Figure 5 shows the atomic arrangement of nns around the two inequivalent R sites (2a and 4i) in 3:29, the 6c R site in 2:17R, that shares the same environment as the 3:29 4i site, and the 2a R site in 1:12, that shares the same environment as the 3:29 2a site. The calculated areas of the facets show that these extra sixfold facets, which are created either at 12-fold (group-B and C sites) or 20-fold (R sites) environments upon nitrogen uptake, exhibit smaller areas than the fivefold facets because their disclination lines do not couple TM-TM, R-R or R-TM atoms as the sixfold facets do in 14-fold environments. In addition, the (0, 0, 12, 2) cell has two sixfold bond lines lying in a straight (disclination) line whereas the (0, 1, 10, 2) cell ( figure 5(c) ) has the two sixfold bond lines 120
• away from each other, defining two disclination lines in a plane. Thus, the nitrogen-induced sixfold facets are distinct from the sixfold facets in 14- [39] , if an average value of 2.2 µ B is added to take into account the contribution of Nd ion moments at room temperature from the two Nd sites (an µ Nd = 1.3(2) µ B was estimated for the 2:17R 6c Nd site from NPD data [30] In addition, our analysis can provide a simple interpretation of the easy-magnetization direction (EMD) observed [26] at room temperature. These high-precision crystal structure parameters were used for the calculation of the corresponding WS cells. The construction of the WS polyhedra has revealed that some 12-fold (group-A) environments and the 14-fold (group-D, dumbbell) environments remain intact upon nitrogen uptake whereas some other 12-fold
